Abstract. The active power filter is one of effective means to solve the harmonic pollution caused by nonlinear load. Based on synchronous rotating coordinate, an improved harmonic extract and current control strategy combining the PI control with deadbeat control is proposed. This strategy can make a selective harmonic show direct current by coordinate transformation and digital low-pass filter, so as to realize the detection and PI control of the selective harmonic current, input the harmonic current commands and fundamental current commands outputted from harmonic PI regulators into the deadbeat controller, finally, realize the selective harmonic current compensation effectively. The shunt APF experimental platform is built for experimental verification based on TMS320F28335. The effectiveness of the control strategy is verified by experimental results.
Introduction
At present, the uncontrolled rectifier load and other nonlinear devices are widely used in industrial and civil applications, and the electric network pollution problem resulting from that becomes more and more obvious [1] . The Active Power Filter (APF) is one of effective means to prevent harmonic [2] . Nowadays, the research on APF has become a rising comprehensive research field.
The compensating current of APF is obtained after processing to current command signal via power electronic converter. The control capacity and precision on compensating current will greatly affect the final compensation result. Generally speaking, it can realize the tracking directive current without steady-state error and better control precision by controlling harmonic currents via PI regulators; while the deadbeat control can work out the control commands based on difference value between the previous directive current and actual compensating current of APF as well as other system parameters [3] , has such advantages as zero overshoot and quick response, however, it fails to eliminate the steady-state error due to unavailable integral action.
In this paper, combining the PI control and deadbeat control, a selective harmonic current extract and control strategy based on multiple synchronous rotating coordinates is proposed. This control strategy can extract the harmonic currents selectively, and can compensate for the latencies of different frequencies of harmonic due to sampling and digital control as well as other factors. It can realize the fine compensation for harmonic with good steady-state performance and dynamic performance.
Analysis of Current Control Strategy
The framework of the shunt APF-based selective harmonic current control strategy researched in this paper is as shown in Figure 1 . The AC bus is three-phase three-wire power source without neutral line, the load is nonlinear load, the ila, ilb and ilc are load currents, the ifa, ifb and ifc are compensating currents of APF, and the usa, usb and usc are three-phase voltages of the common coupling point. The digital phase-locked technology of the Single Synchronous Reference Frame Software Phase Locked Loop (SSRF-SPLL) is adopted in order to realize the precise phase lock, and to provide the phase reference for harmonic extract and coordinate transformation of the fundamental harmonic commands; harmonic currents are extracted based on multiple synchronous rotating coordinates, and then the harmonic current commands are obtained via PI controller; the traditional PI regulator is adopted on DC bus voltage control to keep the capacitor voltage at a reasonable steady state value [4] . finally, the switching signal of the power switch device is obtained via deadbeat controller after superposition of the fundamental harmonic command valve and harmonic command valve. 
Subharmonic Current Detection and Control Based on Instantaneous Power Theory
The principle of the subharmonic current detection is as follows [5] : The n harmonic current performs as direct current in the rotating coordinate, after transformation of the n times fundamental harmonic angular frequency rotational coordinates, while other harmonic currents show the alternating current with higher frequency; then, through low-pass filter, coordinates of inverse transform and adding latency offset angle, the n harmonic current will be extracted. the harmonic detection is combined with control. Before synchronous rotating coordinate transformation, firstly, work out the difference between the actual compensating current and load current of the APF, and then perform PI adjustment on the currents at d and q axis after filtering to digital low-pass filter, finally apply coordinates of inverse transform and meanwhile add the latency compensation to obtain harmonic commands. Theoretically, it can realize the zero steady-state error control of the selective harmonic current. The block diagram is as shown in Figure 2 . Pay attention to the rotation direction of the rotating coordinates at extract to different harmonic.
Analysis of Deadbeat Control Strategy
The structure of the three-phase three-wire shunt APF adopted in this paper is as shown in Figure 3 . In the figure, ea, eb and ec represent the three-phase supply voltage; ia, ib and ic represent the APF three-phase current; T1, T2, T3, T4, T5 and T6 represent the switch device of bridge arm of each phase; L1, L2 and L3 are recorded as the inductance valves of the APF electric reactor; C represents the DC bus capacitance; Udc represents the capacitor voltage. In Figure 3 
The switching logic functions Sa, Sb and Sc are used to describe the mathematical model of APF, and the two-value switching logic functions Sk is defined as u =S U k= (3) The duty ratios of the switching pulse signals of the three bridge arms of T1, and T4, T2 and T5 as well as T3 and T6 in a switching period are set as da, db and dc, respectively, the da, db and dc are amount to the average value of Sa, Sb and Sc in a switching period. If a higher switching frequency is selected, at this time, it can deem that da, db and dc are equal to Sa, Sb and Sc respectively. The formula (1), (2) 
After the differential items in the formula are discretized, it can obtain
where, Ts represents the switching period, fs represents the switching frequency, ik represents the output current of the k phase, and ik ' represents the command valve of the k phase current, Δik= ik ' -ik. After formula (4) and (5) 
The duty ratios obtained by calculation in formula (6) are input to the power switch device of each bridge arm, which realizes the trace of the harmonic command currents.
Experimental Results
For the control strategy proposed above, the verification is performed on the experimental platform. The TMS320F28335 is adopted on the master controller of APF; all the power semiconductor modules are the FS200R12KT4R produced by Infineon Company; and the specific experiment parameters are listed in Table 1 . The three-phase uncontrolled rectifying circuit (RC load) is adopted as nonlinear load for harmonic generation on the experimental platform. The Figure 4 (a) shows the current waveform on grid side with load and zero APF compensation. The total harmonic distortion is 24.36%. From Figure 7 (b), it can be seen that the harmonic current is mainly distributed on 6k±1 (k is integer), in addition. the higher the frequency, the lesser the harmonic distortion. The Figure 5(a) shows the current waveform on grid side with compensation for 5, 7, 11, 13 and 17 harmonic after input of the APF. The specific compensation results are as shown in Table 2 . It can be seen that the total harmonic distortion lowers from 24.36% (without APF compensation)to 3.49%. In order to verify the dynamic response of the control strategy, the sudden load experiment is performed, as shown in Figure 6 . In case of load sudden change, this control strategy responds quickly and has no overshoot, can compensate stably within about 16ms and achieve a better compensation result. 
According to the experimental results above, it can be seen that the designed control strategy can trace and control the compensating currents well with good dynamic response and control precision, and the current on grid side has a higher sine degree after filtering to the selective harmonic, which proves the effectiveness of this control strategy.
Conclusions
In order to improve the compensation precision and stability of the APF, the harmonic extract algorithm based on multiple synchronous rotating coordinates is adopted, it realizes the selective harmonic extract of the APF; combining the PI control with deadbeat control, ensures the high compensation precision and good dynamic response of the APF. In addition, the two-level shunt APF is built for experimental verification based on TMS320F28335. The effectiveness of the control strategy proposed is verified by experiment. Although this control strategy is subject to the calculated performance of the selected CPU, the present microcontroller performance improves increasingly. Therefore, this control strategy has a wide prospect.
